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SrORY  PROBLEM  SOLVER: 

A  schema-based  system  of  instruction 


This  lepori  describes  a  com  purer -based  insii  uctional  system,  the  Story  Problem  Solver 
(SPS).  SPS  provides  students  with  insiiuclion  alxuit  the  semantic  structure  of  story  problems.  It 
was  developed  to  test  a  specific  schema  theory  of  knowledge  organization  in  long-term  memory 
(Marshall.  l98Ka;  1488b).  For  this  reason  SPS  depends  explicitly  upon  a  theory  of  the  relationship 
'  between  the  form  of  instruction  and  the  memory  stiuctures  that  develop  as  a  result. 

In  this  document  we  describe  the  schema  theory  underlying  SPS.  the  design  of  SPS  with 
respect  to  ihx  ihcoiy,  and  the  syiiem's  operational  features.  The  domain  ol  arithmetic  story 
'  pioblems  has  been  described  in  detail  elsewhere  (M.irshall.  1487;  Marshall,  Pribe,  <k  Smith,  1487) 

and  is  only  biiefly  reviewed.  The  report  concludes  with  a  short  ilescription  of  ongoing  extensions 
to  the  basic  instructional  program. 


THKORliTICAL  STRUCI  URE 
Schema  Theory 

SPS  is  designed  to  develop  a  student’s  awareness  and  understanding  of  the  basic  relations 
found  in  arithmetic  story  problems.  It  provides  instruction  which  will  facilitate  the  use  and 
organization  of  information  in  long-term  memory.  The  instructional  design  derives  from  the  theory 
of  schema  acc|uisition  and  storage  described  in  Marshall  (1488a).  According  to  the  theory  there 
are  four  components  or  types  of  knowledge  involved  in  the  development  of  a  schema;  feature 
recognition,  constraint  mapping,  planning^'goal  selling,  and  implemeniaiion.  This  architecture  derives 
from  that  described  in  Marshall  et  al.  (1987). 

Under  the  theory  each  component  develops  in  long-term  memory  as  a  network  of  nodes, 
representing  bits  of  information,  and  links  between  nodes,  representing  memory  connections  among 
them.  The  presence  of  a  particular  ntxie  in  a  network  indicates  that  the  information  it  represents 
has  been  learned  and  can  be  retrieved  from  memory.  The  links  to  other  ncxies  provide  access  to 
the  information  stored  in  them.  A  node  that  is  isolated  from  others  is  of  little  use  because  it  is 
accessed  only  on  rare  occasions,  but  a  node  linked  to  many  others  is  accessed  and  used  frequently. 
Thus,  a  critical  element  of  learning  is  the  connection  of  any  new  information  to  previously  learned 
information 

The  networks  comprising  schemas  intertwine  on  several  levels.  First,  within  a  single  schema, 
there  are  connections  fiom  nodes  of  one  component  to  other  nodes  in  that  component  and  also 
to  nodes  in  other  components.  Second,  the  components  of  a  schema  are  themselves  linked,  so  that 
access  to  the  information  associated  with  one  component  will  allow  access  to  infomiation  associated 
with  the  other  components.  Finally,  schemas  are  linked  to  each  other  within  domains.  At  an 
abstract  level  of  thinking  about  the  whole  domain  one  should  have  ready  access  from  one  schema 
to  another. 


The  Domain 

Marshall  (1485)  found  that  arithmetic  story  problems  can  be  categorized  by  five  distinct 
profiles:  Change,  Group,  Compare,  Restate,  and  Vary.'  These  profiles  describe  the  semantic 

relations  found  in  stesry  problems  and  together  comprise  the  common  domain  of  story  problems. 
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piot'ilc  icprcscius  a  pai  ticulai  lelatiun  that  occiiis  in  sioi>  (omi,  aiitl  the  story  line  is  woven 
aiouiul  the  relation.  Oialinarily  one  or  more  of  the  features  that  define  the  relation  is  unknown. 

The  advantages  of  categorizing  the  domain  hy  semantic  relation  are  (1)  only  a  limited  numlier 
are  needed,  (2)  the  relations  are  simple  situations,  deriving  from  individuals'  experiences  in  daily 
life  and  easily  understood  even  by  young  childien,  and  (3)  they  may  Lx;  combined  to  form  complex 
problems  reflective  of  situations  that  occur  in  reality.  Thus,  they  may  be  used  as  a  basis  of 
instruction  for  learners  of  all  ages. 

The  five  semantic  profiles  have  been  desciibed  in  detail  elsewhere  and  will  not  he  discussed 
.It  length  heie  (c.f.  Marshall  et  al.,  l')87).  lahlc  1  contains  extimples  of  piofiles  in  simple  * 

situations,  in  simple  problems,  and  in  complex  piohlems.  These  are  typical  of  the  situations  and 
problems  encountered  by  students  who  use  SPS. 

In  developing  the  instructional  piogiams  described  here  we  found  it  necessary  to  reevaluate  * 

the  Compare  profile  and  the  way  its  accompanying  semantic  relation  is  used  in  a  story  problem. 

The  Compare  profile  describes  the  semantic  relation  in  which  two  entities  are  examined  for  the 
purpose  of  deciding  their  relative  size.  .As  such,  it  requires  no  arithmetic  computation.  It  does, 
howevei,  rei]nire  sufficient  number  sense  to  lecognize  when  one  numbei  is  larger  oi  smaller  than 

another.  In  its  simplest  form,  the  Compare  relation  seems  almost  trivial: 

( 1 )  Here  are  two  numbers,  25  and  29.  Which  is  larger? 

I'he  complexity  of  the  profile  and  the  semantic  component  come  into  play  when  the  student  must 
interpret  the  descriptive  statements  linking  the  two  numbers.  I'hat  is,  when  the  relation  is 

expressed  as  faster,  higher,  cheaper,  deeper,  longer,  and  so  on,  should  the  student  search  for  the 
larger  or  smaller  number'’  Moreover,  what  are  legitimate  comparisons'.’  Can  any  two  quantities 
be  compared  oi  aie  there  constraints  reciuiring  them  to  lie  of  similar  type  (e.g.,  inches  with  inches 
lather  than  inches  with  yards)?  The  semantic  requirements  of  (’ompare  are  sophisticated  and 

involve  an  underst.mding  of  the  situation  lepresented  in  the  problem. 

(,)ur  original  definition  of  t'ompare  (and  others’  definitions  as  well,  e.g.  Riley  i:  Greeno, 
l‘)88;  Willis  ic  I-iison,  IdSS)  asked  a  different  question  of  the  Compare  situation.  Kor  example, 
under  our  previous  conception  the  following  was  labeled  a  Compare  item: 

(2)  Joe  walked  a  mile  in  13  minutes,  llis  friend  Fred  walked  a  mile  in  15  minutes. 

How  much  faster  did  Joe  walk  than  Fred? 

In  actuality,  this  is  not  a  true  Compare  relaticrn  in  which  the  problem  solver  is  asked  tcv  make  a 
comparison  because  the  comparison  has  already  taken  place  —  it  is  stated  in  the  problem  that  Joe 
walked  faster  than  Fred.  The  solver  does  not  have  to  decide  who  was  faster  or  whether  more 
minutes  means  faster  or  slower  walking.  Problem  (2)  is  a  Restate  relation.  It  asks  the  student 
to  express  in  a  different  way  the  information  .ilready  given  in  the  problem. 

A  true  Compare  relation  would  have  the  following  form: 

(3)  Joe  walked  a  mile  in  13  minutes.  His  friend  Fred  walked  a  mile  in  15  minutes. 

Who  was  the  faster  walker? 

This  lattei  problem  reflects  the  way  that  the  Compare  relation  is  taught  and  used  in  SPS.  The 
solver  needs  to  decide  what  to  compare  and  whethei  to  retrieve  the  larger  or  the  smaller  amount, 
l/nder  our  new  formulation,  familiar  problems  from  textbooks  such  as 

( 4 )  Sue  has  30  pencils,  and  Joan  has  20.  Who  has  more  and  how  much  more? 

aie  viewed  .is  having  two  different  sem.mtic  rel.itions,  corresponding  to  the  two  distinct  questions 
posed  in  the  problem.  First,  the  solver  is  asked  to  determine  who  has  the  larger  amount 
(F'ompare).  and.  second,  the  solver  is  asked  to  compute  the  value  of  the  difference  (Resi.ite) 
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Examples  of  Situations,  Simple  Problems  and  Multi-Step  Problems  Used  in  SPS 

A.  Situations 

CHANGE:  was  running  a  lemonade  stand  one  day  in  the  summer.  She  staned  out 

the  day  with  twenty-five  glasses  of  lemonade.  When  she  closed  hei  stand  at  the  end 
of  the  day  she  had  four  glasses  left.  Samantha  sold  twenty-one  glasses  of  lemonade. 

GROUP:  .Mr.  Green  grows  oianges,  grapefruits,  and  avocados.  If  he  has  3000  fruit  trees  in  all 

and  there  are  2000  orange  and  grapefruit  trees,  then  Mr.  Green  has  1000  asoc;id3  trees. 

COMPARE:  On  a  recent  expedition  two  members  of  the  hiking  club  climbed  5000  feet  on  one  day 
and  6000  feet  on  the  second  day.  They  climbed  further  on  the  second  day. 

RESTATE;  Mary  budgets  her  money  carefully.  She  allows  herself  to  spend  15  percent  of  her 

weekly  income  on  fun  things  like  going  to  the  movies  or  stopping  for  ice  cream.  Last 
week  she  earned  $120,  so  she  had  $18  for  fun  things. 

VARY:  Mr.  Borg’s  car  can  travel  20  miles  on  each  gallon  of  gas  that  it  uses.  Since  he  knew 

that  he  would  be  driving  .300  miles  over  the  weekend,  he  figured  that  he  would  have 
to  buy  15  gallons  of  gas  for  his  weekend  driving. 

B.  Simple  Problems 

CHANGE:  Janine  had  17.3  matchbook  covers  in  her  collection.  Her  aunt  sent  some  more  to  her. 
She  now  has  241  matchbook  covers.  How  many  did  her  aunt  send  to  her.’ 

GROUP:  l  ast  week  the  Martin  family  took  their  used  bottles,  cans,  and  newspapers  to  the  River 

C'ity  Recycling  Center.  They  found  that  they  had  accumulated  in  one  year  25  pounds 

of  Ixtitles,  12  pounds  of  cans,  and  50  pounds  of  newspapers.  How  many  pounds  of 
recyclable  materials  did  they  have? 

COMPARE:  Anna  has  two  jobs.  Last  week  she  earned  $152  as  a  lab  assistant  in  the  Chemistry 
Lab  and  $9.3  as  a  cashier  in  the  University  Book  Store.  Which  Job  paid  better? 

RESTATE:  Bill  and  Eddie  both  planted  tomatoes  this  year.  Bill  harvested  twice  as  many  tomatoes 

as  Eddie  did.  If  Bill  picked  64  tomatoes,  how  many  tomatoes  did  Eddie  pick? 

VARY:  In  the  college  football  stadium  there  are  28  sections  of  seats.  The  stadium  has  a  total  of 

2128  seats.  If  each  section  holds  the  same  number  of  seats,  how  many  seats  are  in  each  one? 

C.  Multi-Step  Problems 

1.  Joe  won  $100  in  the  state  lottery.  He  spent  some  of  it  on  toys  for  his  children.  He  bought 
a  doll  for  Sue  that  cost  $25  and  a  stuffed  bear  for  Ellen  that  cost  $.35.  How  much  money 
did  he  have  left  over  after  he  bought  the  toys? 

2.  The  electric  company  charges  $.18  for  every  .3  kilowatt  hours  of  power  used.  For  the  month 

of  August  Terry  was  billed  for  2bl  kilowatt  hours  of  electricity.  During  the  same  month  his 
natural  gas  bill  was  $9.45.  Which  was  higher  for  the  month  of  August,  his  electric  bill  or  his 
gas  bill? 
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INSTRUCI  lONAL  DBSIGN 


SPS  focuses  on  these  five  profiles.  At  the  end  of  instruction  a  student  should  be  able  to: 

*  Recognize  the  pronie(s)  in  a  story  problem. 

*  Check  that  a  problem  has  the  required  elements  of  the  chosen  prorile(s). 

*  Design  a  solution  strategy  using  profile  information. 

*  Select  the  correct  arithmetic  operation(s). 

SPS  guides  the  student’s  knowledge  development  and  organization  according  to  the  schema  theory 
described  above.  Our  intention  is  for  the  student  to  develop  a  separate  schema,  consisting  of  all  four 
components,  for  each  of  the  five  profiles. 

SPS  is  designed  for  use  by  young  adults  under  the  assumption  that  this  population  shares  a  body 
of  common  knowledge  and  interests.  The  subject  matter  of  examples  and  problems  reflects  this 
assumption.  Much  of  the  instruction  alxiut  the  semantic  profiles  is  diiect.  Because  the  targeted 
population  is  adult,  it  is  possible  to  piesent  extended  instruction  that  would  overtax  the  attention  and 
working  memory  constraints  of  young  children. 

SPS  does  not  expect  students  to  form  appropriate  schemas  by  trial  and  error.  Its  users  are  not 
Iseing  introduced  to  story  problems  for  the  first  time.  They  have  had  a  great  deal  of  experience  with 
them  and  typically  have  developed  poor  or  incomplete  strategies  for  solving  them  (evidenced  by  a  lack 
of  success  on  perfoimance  measures).  SPS  explains  directly  how  and  why  its  organization  of  knowledge 
is  beneficial.  It  points  out  the  advantage  of  using  the  profiles  to  understand  and  solve  the  problems. 

SPS  prefaces  its  instruction  by  drawing  an  analogy  between  understanding  a  story  problem  and 
understanding  the  real  world  situation  of  going  to  a  restaurant.  The  purpose  of  the  restaurant  example 
and  the  discussion  about  how'  individuals  recognize  and  use  knowledge  about  restaurants  is  to  alert 
students  to  the  need  for  many  kinds  of  knowledge  and  for  many  links  among  them.  The  example 
demonstrates  how  various  features  of  the  situation  are  used  by  an  individual  to  interpret  the  particular 
instance  (e.g.,  what  makes  it  a  restaurant  and  not  a  theatre)  and  to  guide  the  individual  in  that  setting 
(e  g.,  how  to  order  from  a  menu,  how  to  pay  the  bill).  SPS  explains  that  understanding  and  interpreting 
the  situation  in  a  story  problem  can  work  in  the  same  way.  Imponant  features  need  to  lx;  recognized 
and  evaluated  before  an  arithmetic  operation  can  be  selected. 

SPS  addresses  each  of  the  four  components  of  schema  knowledge  for  every  semantic  profile.  The 
student  is  encouraged  to  build  a  cohesive  memory  structure  to  link  together  all  of  the  information  that 
is  appropriate  to  the  profile.  To  do  this,  SPS  isolates  the  components  and  focuses  upon  the  elements 
of  each  one.  It  also  gives  the  student  experience  in  linking  the  components  and  in  using  two  or  moie 
of  them  in  answering  questions.  SPS  does  this  in  part  by  example  and  in  part  by  asking  questions 
relating  to  components  and  linkages. 

I  or  each  component  of  a  schema  --  feature  recognition,  constraint  mapping,  goal  setting,  and 
implementation  --  SPS  uses  the  principles  guiding  its  instruction  in  specific  ways.  These  adaptations  are 
described  in  the  following  sections. 


Feature  Recognition 

Instruction 

The  feature  recognition  component  of  a  schema  contains  the  information  needed  to  recognize  that 
the  schema  fits  the  problem  at  hand.  SPS’s  discussion  of  feature  recognition  helps  the  student  formulate 
the  generic  case  of  which  any  problem  is  a  special  instance.  The  goal  of  feature  recognition  insti  uction 
is  to  provide  a  verbal  label,  a  general  description,  and  a  simple  pictorial  rep' f«entation  for  each  of  the 
five  profiles  Instruction  begins  by  using  simple  examples  of  each  profile.  We  found  in  our  pilot  studies 
that  students  were  better  able  to  discriminate  among  the  profiles  when  the  initial  instruction  about  each 
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one  was  brief  and  when  all  five  were  discussed  together,  I'his  contrasted  with  ability  to  discriminate  the 
profiles  having  had  a  sequential,  detailed  description  of  each  one  {see  Appendix  A).  Iherefore,  SPS 
begins  the  instruction  with  an  overview  and  general  discussion  of  all  five  schemas  and  how  they  differ 
from  each  other. 

SPS  introduces  the  profiles  within  the  common  theme  of  a  Hawaiian  vacation  Fhe  situations  in 
which  the  profiles  are  found  describe  activities  such  as  buying  clothes,  surfing,  and  fishing.  As  noted 
above,  we  selected  stories  that  should  be  of  interest  to  our  young  adult  students. 

The  SPS  system  uses  situations  instead  of  problems  when  introducing  the  five  profiles.  Situations 
j  are  defined  as  complete  stoiies  with  nti  missing  information;  problems  have  one  or  mote  unknowns.  Ue 

focused  on  complete  situations  for  two  reasons.  The  first  is  logical  consistency.  Situations  contain  all 
pans  of  the  profile  and  therefore  help  students  understand  each  part  in  relation  to  the  whole,  l  eature 
»  rei.ognition  involves  all  parts  of  the  situation,  but  any  specific  problem  leaves  some  parts  out.  "hat's 

what  makes  it  a  problem.  To  teach  feature  recognition,  the  whole  situation  is  appropriate. 

The  second  reason  for  using  situations  is  the  nature  of  the  subject  population.  Most  sturlents 
appear  to  have  strongly  ingrained  and  often  erroneous  problem-solving  strategies,  and  they  tend  to  begin 
using  them  as  soon  as  a  problem  is  presented,  often  without  comprehending  the  entire  problem.  This 
tendency  interferes  with  the  goals  of  SPS.  SPS  urges  the  student  to  understand  the  structure  of  the 
problem  before  attempting  computations.  If  there  is  no  problem  and  no  unknowns,  theie  is  no 
computation  to  be  made,  and  the  student’s  attention  can  be  directed  to  the  profile  structure, 

SPS  equips  the  student  with  specific  clues  for  identifying  each  semantic  profile.  I  or  example,  the 
student  learns  that  in  the  Change  situation  there  are  three  different  amounts  --  the  beginning  amount, 
the  amount  of  change,  and  the  resulting  amount  --  and  that  the  change  occurs  ovei  time.  Other  clues 
about  Change  aie  introduced  in  such  a  way  that  the  student  should  easily  associate  them  with  earlier 
ones.  In  this  way  SPS  directs  the  learning  of  the  student  by  presenting  information  that  can  be 
reasonably  linked  to  what  the  student  already  knows. 

In  teaching  feature  recognition  SPS  tries  to  rearrange  the  knowledge  that  students  already  have 
about  semantic  lelations  and  story  problems  and  to  encourage  the  students  through  instruction,  example, 
and  practice  to  form  specific  memory  associations  (links).  We  do  not  have  to  explain  to  students  --  even 
very  young  ones  --  whai  it  means  to  change  something.  We  do  need  to  help  them  develop  the  skills 
to  perceive  when  a  story  problem  describes  the  Change  relation.  The  full  set  of  clues  foi  a  profile  leads 
the  student  to  a  general  description  of  the  profile. 

In  addition  to  verbal  clues,  a  simple  diagram  is  used  to  represent  each  profile  and  its  various 
parts.  We  refer  to  the  diagram  as  the  profile  icon  because  it  serves  the  same  function  that  an  icon 
serves  on  computer  screens.  The  icon  is  a  visual  representation  intended  to  call  to  mind  several  different 
pieces  of  information.  Merely  seeing  the  icon  on  the  screen  serves  to  remini.1  the  student  of  the  broader 
entity  it  represents.  Similarly,  many  trademarks  and  logos  function  to  remind  the  viewer  of  a  broad  set 
of  information  that  is  associated  with  them  (eg.,  the  CBS  "eye"  or  the  Apple  logo).  These  visual 
representations  appear  to  be  easily  learned  and  retrieved. 

A  growing  body  of  research  suggests  that  visual  aids  are  very  powerful  learning  tools  (e  g.,  l.arkin 
<k  Simon,  1988;  Holmes,  1987).  We  use  them  as  such.  It  is  intended  that  students  associate  the  features 
of  a  profile  with  the  appropriate  diagram.  The  icons  also  serve  a  second  function  in  constraint  mapping 
as  described  below. 

Evaluation 

-  l  eature  recognition  is  assessed  in  two  ways.  One  way  is  to  determine  whethei  or  not  the  stiidcni 

can  correctly  identify  a  situation  by  its  generic  name.  The  evaluation  task  piesents  the  student  with 
several  stoiy  situations,  one  at  a  time.  Below  the  story  is  a  menu  of  the  five  profile  names.  The 
student’s  task  is  to  select  the  single  profile  that  is  represented  in  the  story.  Thus,  the  task  assesses  Ixtih 
whether  the  student  can  identify  the  relevant  features  in  the  situation  and  also  whether  these  fcatuies 
have  been  associated  with  the  appropriate  profile  in  the  student’s  memory. 

I'he  student’s  responses  on  this  task,  as  on  all  SPS  tasks,  are  made  with  the  mouse  The  student 
selects  the  profile  and  buttons  the  menu  choice.  An  illustration  of  the  task  is  given  in  Tigure  I 
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Figure  1 

A  Feature  Recog;nition  Task:  Verbal  Components 


(The  student  selects  a 
response  froin  a  menu  of 
situation  names.) 


INSTRUCTIONS-  R««d  itoiy  b«lo*v  D«cid«  whtch  of  ih« 
livo  Situations  b«st  dascnbai  the  stofy  Whan  you  hava 
mada  yOur  (hoi<a.  position  tha  arrow  on  top  of  tha  ona  you 
hava  talactad  and  click  tha  mousa  button  onca 


Two  radio  stations  werij  conipeting  for 
listeners  by  giving  away  i  ock  conceit  tickets. 
In  the  last  week  of  August  KODD  gave  away 
SO  tickets.  At  the  same  tiitie  KCUE  gave  away 
1 5  fewer  tickets  That  means  that  KCUE  gave 
away  35  tickets 
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Figure  2 

A  Feature  Recognition  Task:  Visual  Components 


(The  student  selects  a 
response  from  a  menu  of 
diagrams . ) 


INST1UJCTI0NS.  Chooi*  th«  on*  diagiim  bolow  Ihit  fill  ihi>  >tOf y  pioblom.  Movo 
1h«  orrow  into  tho  diogram  you  havo  talactad  and  click  tha  mouta  button. 


Sam  bought  one  notebook  for  every  three  text 
books  that  he  purchased  If  he  bought  four  notebooks 
Sam  must  have  purchased  twelve  text  books 
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\  scioikI  niflliDd  ot  c'i ciliialiun  ihc  sludciu's  aliilil)  lo  associalc  a  bUiialinn  \^ilh  its  visual 

ivoii  iviiagiam)  The  studfiu  is  presented  with  a  piohleiri  and  the  five  icons  and  is  asked  to  select  the 
one  that  lei'iesents  the  prohleni.  No  veihti!  labels  are  used  in  this  exercise.  I  he  task  serves  to  assess 
whethei  tile  student  associates  individual  icons  with  appropiiate  sets  of  featuies  that  identif\  the  pioliles 
■\n  example  is  given  in  f-igure  2. 

Constraint  Mapping 


X  Instruction 

1  he  goal  ot  constraint  mapping  instruction  is  to  develop  s>stematic  inethoils  of  testing  wiutliei 
‘  oi  not  hv|H)thesi/ed  features  are  present.  This  component  of  schema  knowledge  nuips  the  eleiiiciits  ol 

the  cut  lent  piohlem  to  the  known  features  of  the  selected  profile.  for  insttince,  hy  using  leatuie 
lecognitivtn  knowledge  the  student  might  suspect  thtit  the  piofile  descrihing  a  |iiohleni  is  the  (  h.iiige 
piofile  Ihis  information  alone  is  insufficient  for  problem  solving.  The  student  neeils  to  asceitaiii  tli.it 
enough  vif  the  features  th;it  charactci iye  a  Change  profile  are  present  in  the  curient  piobleni  to  allow 
solution  III  the  case  that  the  feature  recognition  was  incoirect,  the  student  will  also  fnul  that  out  when 
impoitant  elements  of  the  problem  do  not  map  into  the  Change  profile. 

It  IS  useful  to  think  of  the  constraint-mapping  knowledge  in  a  schema  as  the  means  In  wlinh 
the  stuJeiit  eonsti  nets  a  working  mental  model  of  the  problem  being  solved.  The  stiKleut  leuK  a 
pioblem,  sails  upon  feature  recognition  knowledge  to  suggest  the  appropriate  profile  structuie.  aiul  llisii 
builds  the  model  of  the  (uoblem  hy  testing  whether  the  necessary  pieces  are  present  When  the  siiuliin 
is  beginning  insii iiction,  SFS  displays  the  diagrammalie  lepi eseniation  of  the  profile  and  visnallv  plavcs 
vaiious  paits  iif  the  problem  into  the  diagram.  As  students  become  more  expert  in  solving  piohlems. 
Sl’.S  antivipalcs  that  they  will  do  the  matching  process  mentally  SPS  focuses  its  instiuction  iin  linking 
ptirts  of  the  stilly  problem  to  the  essential  elements  of  etich  profile.  To  illustrate  the  instruction,  we 
pieseiit  lieie  a  discussion  of  the  Chtmge  profile.  Instruction  foi  the  lemaining  piotiles  is  similai 

lo  vievelop  the  student’s  understanding  of  the  ('hange  piofile,  SFS  presents  a  three  part  tiguu’ 
viesignatiiig  beginning  amount,  amount  of  change,  and  resulting  amount.  Using  a  simple  situation  (with 
unknowns!  SFS  leads  the  student  through  the  diagram,  placing  the  relev.int  numeiie.il  qu.mtities  msivie 
the  di.igram  .iiivl  explaining  why  and  how  these  quantities  join  together  to  foim  a  ( 'h,mge  lel.ition. 
.Several  exaiiqiles  of  the  how  one  m.ips  a  Change  situation  follow  the  explanation. 

Aftei  .1  stuvient  has  had  the  opportunity  to  practice  mapping  situations  into  the  Ch.inge  ili.igi.mi 
(the  t.isk  itself  is  described  below  in  Evaluation)  SPS  introiluces  problems  in  which  one  of  the  p.u  ts  of 
the  figure  h.is  no  corresponding  numerical  value  given  m  the  stoiy.  This  insti  uctiOi'.  Iistins  with  a  simple 
situation,  rn.qiped  into  the  three  parts  of  the  figure.  SPS  asks  the  student  to  consider  what  the  situ.iiion 
woulil  Uvitk  like  if  one  of  these  three  pails  were  unknown.  Ihe  diagram  changes  on  the  screen  so  ih,it 
the  unknown  part  contains  a  question  mark.  The  story  problem  is  reworded  to  contain  a  question  ,ibout 
the  unknown  Ihe  diagram  then  changes  again  so  that  a  different  pan  contains  the  question  maik  I  he 
pioblem  ch.mgcs  ,is  well  and  the  question  is  diffeient.  In  this  way  SPS  gives  explicit  instiuction  about 
the  question  asked  m  the  problem  and  the  location  of  the  unknown  in  the  diagram.  SPS  takes  the 
stiiileiit  thiough  the  allowable  set  of  unknowns  and  corresponding  questions  for  each  piofile.  I  he  sei  ies 
.  lit  v|uestions  .isked  about  a  panicular  Ch.inge  situation  is  illustrated  in  I  igure  .V 

Pievious  studies  with  sixth-grade  students,  with  the  pilot-study  students,  aiivl  with  univeisity  lieslimen 
indie, ite  th.'ii  there  are  two  areas  of  confusion  that  insti  uction  s  .ould  addiess  (e.f ,  .M.irsh.ill  lO.S'',  this 
-  leport.  Appendix  A).  First,  students  tend  to  confuse  Change  and  Croup  problems,  especiallv  when  the 

.iiithmetic  opei.ition  of  addition  is  required.  Second,  students  tend  to  confuse  Rest.ite  with  (  omiviie, 
again  in  the  pieseiice  of  addition  and  subtraction  (  onsequently,  SPS  introiluces  the  (  hange  consii  .iints 
and  di.igiam  fiist.  going  through  the  complete  instruction,  and  then  does  the  same  with  the  (iioup 
consti. lints  and  diagram  When  both  have  been  fully  covered,  a  special  exercise  calls  for  the  student  to 
disei  imm ate  between  the  two  profiles  (by  choosing  the  appropri.ite  icon  from  .i  menu  com. lining  both 
ol  them)  and  to  make  the  constraint  mapping  once  the  correct  diagram  is  selectevi  SPS  moves  on  to 
instiuction  about  Comp.ire  and  then  separ.itely  to  instruction  about  Restate  As  with  Ch.inge  ind  (noup. 
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he'll  both  Conipaic  aiul  Rehiatc  have  been  covcreil,  ihc  siuitciu  is  asked  lo  deinonstiate  ability  lo 
diseriminaie  between  the  two  and  then  to  map  pans  of  the  problem  into  the  appropriate  diagram.  A 
discussion  of  the  V'aiy  profile  concludes  the  constraint-mapping  instruction. 

tivaluation 

Lvaluation  is  in  two  parts:  constraint  mapping  per  se  and  the  relation  of  constraint  mapping 
aiul  feature  recognition.  SPS  uses  two  types  ot  tasks  to  evaluate  students'  constraint-mapping  knowledge. 

In  the  first  SPS  gives  the  student  a  set  of  five  situations,  tach  of  the  situations  is  best  described  by  j 

a  single  profile  The  task  for  the  student  is  to  match  each  of  the  five  situations  with  the  name  of  the 

appropriate  profile.  This  task  includes  and  extends  feature  recognition  knowledge  because  it  rei|uires  the 

student  to  identify  a  generic  profile  for  the  a  situation  and  also  requires  confirmation  that  the  profile  ‘ 

does  not  more  accurately  describe  another  situation.  The  student  must  consider  each  profile  with  each 

situation,  deciding  when  the  elements  of  a  situation  sufficiently  match  the  structure  of  a  profile.  Ihis  task 

forces  the  student  to  compare  the  five  profiles  and  the  five  situations  with  each  other. 

In  the  second  evaluation  task  used  to  assess  constraint-mapping  knowledge.  SPS  asks  the  student  to 
use  constraint-mapping  knowledge  to  position  the  relevant  parts  of  a  story  into  a  given  diagram  The 
situation  (oi  problem)  and  the  correct  blank  diagram  are  presented  simultaneously.  The  student  moves 
the  mouse  cursor  to  the  part  of  the  situation  that  he  or  she  intends  to  place  in  the  diagram.  When 
the  student  clicks  the  left  mouse  button,  the  student’s  selected  text  is  printed  inversely  on  the  screen  (i.e., 
light  on  dark  instead  of  dark  on  light).  A  dotted  rectangle  having  the  same  size  and  shape  as  the 
selected  text  appears  on  the  screen,  connected  to  the  cursor.  Now  moving  the  cursor  will  move  the 
lectangle.  The  student  moves  the  cursor  and  the  attached  rectangle,  this  time  to  the  place  in  the 
diagram  in  which  the  text  is  to  be  positioned.  Another  click  of  the  mouse  button  drops  the  text  into 
the  diagram.' 

SPS  simplities  the.se  tasks  for  the  student  as  much  as  possible  In  the  constraint-map|iing  task 
It  does  not  force  the  student  to  move  pails  of  the  story  word  by  woid  I'hat  would  be  tedious  aiul 
unnecessary.  In  most  instances  the  student  needed  an  entire  phrase  (eg.,  for  the  relation  "twice  as  much 
.is")  rather  than  a  single  word  or  number  Consequently,  when  the  situations  and  problems  weie  initially 
entered  into  SPS,  ceilain  phrases  were  identified  as  chunks.  Some  of  these  chunks  are  necessary  parts 
of  the  problem  solution  (e.g.,  the  numbei  and  its  identifier,  as  in  25  cookies).  Others  were  not  necessary 
but  typically  appear  together  (eg.,  names  such  as  Mr.  Harris).  Because  a  student  could  select  any  part 
of  a  problem,  we  chunked  all  reasonable  elements  in  a  problem,  whether  or  not  they  were  required  for 
solution  When  the  student  buttons  in  any  part  of  a  chunk,  the  entire  set  of  words  and  numbers  that 
make  up  the  chunk  are  changed  to  inverted  print.  The  individual  elements  cannot  be  moved  by 
themselves. 

Ouring  this  task  the  student  has  considerable  flexibility.  If  the  student  desires  to  modify  a  pievious 
response,  it  can  be  done  simply  by  buttoning  on  the  selected  text,  moving  the  cursor  (and  attacheil 
rectangle)  out  ot  the  diagram,  and  buttoning  again.  The  student  then  returns  to  the  problem,  selects 
.mother  part,  and  drags  it  into  position.  like  all  exercises  in  SPS,  this  one  is  under  student  control 
SPS  will  not  continue  with  problem  presentation  or  with  additional  instruction  until  cued.  l  or  the 
mapping  exercises.  the  student  indicates  that  the  diagram  is  filled  and  ready  for  SPS  to  check  by 
selectrng  "OKAY"  from  a  control  menu  printed  at  the  bottom  of  the  screen.  At  that  point  SPS 
ev.iluates  the  response  and  gives  feedback.  If  the  student  has  ni.ide  correct  selections,  the  feedback  is 
positive  and  SPS  asks  the  student  to  indicate  readiness  for  another  exercise.  If  the  student  has  erred, 

SPS  informs  the  student  of  a  mistake  and  gives  the  student  a  second  change  to  map.  If  the  student 
is  incorrect  a  second  time,  SPS  displays  both  the  student  s  choices  and  the  correct  responses.  Again,  the 
student  indicates  when  to  continue  by  making  a  selection  from  the  control  menu. 


!|>PS  lt_.ichcx  ihL-vt  inovLs  iti  .1  UiKtn.il  bcUiic  n  ii,,'  trisiriKiiciti  .iitit  .I'ni  (v.vit.ws  ihcni  di  (In,  sijrl  c>i  (lit  cvc-iciw  iJ.i' 

subject's  hiid  ilo  Jifricull)  iti  ieuriirfi^  iht.  inu.h.inic.il 
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Figure  3 

The  Multiple  Questions  of  Change 


Th«  iMindow  to  youi  loft  thov«i  •  CHAftCC  utuotion  Plooto 
looK  It  owor  b«io<«  r««din|  oo 

Now  lood  th«  CH Pf  btlow,  in  whuh  tho  ENQ 
AMOUNT  II  th«  UNKNOWN'  ^  01111109  g  port. 

Th«r«  «v«r«  SO  Uiyicropori  in  Sky  City 
40  of  th«m  crumblod  to  th«  9rourtd 
durioQ  «n  oorthquok*  Howmooy 
ikytirgpg/t  woroloN? 

Ltt't  i««  how  th«  iituotioo  diftori  from  th«  pioOloort 

P«(ti  Situouoo  Ptoblfn^ 

OBJECT  Of  Change  ikyi<r«p«(t  Ikyiaopon 
BEGINNING  AMOUNT  SO  $0 

CHANGE  ACTIONAAMOUNT  40oumbUd  40<rumbi«d 
END  AMT  10  f 

At  you  <40  s««.  th«  p4iti  ot  ih«  iiiu4ttOo  404  th#  piobUm  41 « 
th«  Th«  only  d«ff«r«o<«  11  th4t  th4  p«obl4m  dooio’t  t«il 

you  wh«t  lh«  ENO  AMOUNT  n  |ift4f\  why  w*  ui*d  tho 
qu4iboo  m4rk|  But  it  do«i  «tk  yOu  to  fi9u»«  it  Out.  111109  th* 
olh«r  infoirTt4tion  givoo  »o  tho  probt4m 

10  thi>  Riqb^oi.  th4  UNKNOWN  »  th«£NO  AMOUNT  l«i*i 
i««  how  thik  would  b«  di49r4mm«d 


4noth«r  CHANGE  problom.  Thu  tim«.  th«  01AN6E 
AMOUNT  II  (h«  UNKNOWN  .  01  ovmog  p«ri . 

Th«r«  wor«  SO  ikyt<r«pors  10  Sky  City. 
boforothdbtgMrthqusko  Aftor  iho 
««rthqu«k«.  only  10  ikyui4p«ri  woro 
itiil  it4ndina  How  mony  ikylcropofi 
foil  during  tno  oorthquoko? 

Horo  you  (4n  too  thot  tho  omount  you  oro  luppoiod  to  figuto 
out  It  tho  CHANGE  AMOUNT,  .thonumbor  of  ikyuiopori  thit 
foil  during  tho  oorthquoko  Noiko  thot  tho  Chongo  Amount  il 
tho  only  port  Unknown  Tho  Chongo  Action  will  oiwoyt  bo 
givon  in  tho  problom. 

Tho  quoiiion  moik  in  tho  Chongo  bon  roproiontt  tho  Amount 
unknown. 
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Finolly,  iot't  look  it  0  CHANGE  problom  m  which  tho 
BEGINNING  AMOUNT  it  tho  UNKNOWN,  oi  nvtting  port 

During  tho  big  oorthquoko.  40  of  tho 
tkytcroport  in  Sky  Oty  crumblod  to  tho 
ground.  Tbit  loft  only  lOtkyKropoit  ttonding 
How  mony  tkytuopoit  woto  ihoio  bofoto 
tho  oorthquokoT 


y  ou  (on  too  thot  tho  only  diHorcnco  m  thit  diogrom  it  ihot  tho 
quotiron  mork  (unknown)  it  in  tho  boginnmg  omount  ovot 


The  l.isk  Vkhith  .ibsc^svs  ihc  link  Ln;iw,ecii  I'eiiiurc  recogniiion  and  consiraint  mapping  elicits  ivn) 
responses  from  the  student,  a  discrimination  among  types  of  profiles  and  a  mapping  from  the  problem 
to  the  profile.  In  the  t.isk  students  are  presented  with  a  mixed  set  of  problems  and  situations.  liach 
problem  or  situation  is  displased  with  a  menu  of  icons.  The  student’s  first  response  is  to  select  the 
appropriate  icon  (a  fe.iiure-t ecogniiion  test).  If  the  student  in.ikes  the  crsnect  chc>ice,  SPS  gices 
appropriate  feedback  and  replaces  the  icon  menu  with  the  profile  diagram  which  is  an  enlarged  version 
of  the  selected  icon.  The  student’s  second  response  is  to  map  the  problem  into  the  diagram  (a 

constraint-mapping  ev.duation).  If  the  initial  selection  from  the  icon  menu  is  incorrect,  SPS  pioviiles 
feedback  alxiut  the  choice  and  then  displays  the  correct  enlarged  diagram, 

SPS  has  three  versions  of  this  task.  One  of  the  versions  follows  instruction  about  Change  and 
tiroup,  and  offers  a  choice  onl^  of  these  two  profiles.  A  second,  similar  version  follows  instruction 
about  Compare  and  Restate  and  allows  choice  of  these  two.  The  third  version  follows  instruction  ,ind 
practice  with  the  Var\  profile.  In  the  last  one  they  choose  from  all  five  profiles,  l•igule  4  illustrates 

one  of  the  two-choice  evaluation  items. 

Planning/ Goal-Setung 

Instruction 

Planning  is  (.^uite  simple  in  problems  involving  only  one  profile  (i.e.,  one-step  problems).  .SPS 
does  not  teach  planning  at  this  level.  It  deals  with  planning  in  problems  involving  two  or  more  profiles 
(i.e.,  multi-step  problems).  To  solve  a  multi-step  problem,  the  student  must  rectsgni^e  the  differ eiit 

profiles  in  the  story  and  order  them  in  such  a  way  that  the  correct  solution  can  be  obtained.  This 

entails  recogni/ing  the  overall  putfile  of  the  situation  and  determining  how  the  subsequent  profile  or 

profiles  are  subordinated  to  it. 

SPS’s  instruction  on  planning  has  three  parts.  Part  one  is  recognizing  which  profiles  are  primary 
and  which  are  secondary.  Pan  two  teaches  mapping  what  is  known  about  the  problem  into  the  overall 
or  primary  profile  Part  three  develops  links  Itetween  components  of  two  or  more  profiles.  All  three 
emphases  are  imponant  in  developing  a  plan.  Ideally,  a  student  should  ask  himself  or  herself  a  sequence 
of  questions  rrhout  them  such  as  the  followirtg; 

PROBLEM:  Santh  hud  5/,V.5  in  her  cheeking  account  at  the  end  of  March. 

She  depo.tileii  a  payroll  check  of  $S70.  a  gift  from  her  parents  for  $200, 
and  a  reftind  check  front  IRS  for  $315.  How  much  was  in  her  account  after 
she  made  the  deposit.' 

O  [4o  1  know  the  overall  profile'.’  (feature  recognitioni 
A:  Yes,  it’s  a  C'hange. 

Q:  {’an  I  solve  it  yet.’  (consiraiittsi 
A;  No,  there  are  two  missing  parts. 

O:  Is  there  a  second  profile.’  (feature  recognitioni 
A:  Yes,  it’s  a  fjroup. 

O:  ('an  I  solve  this  one  yet.’  (lOiistrainisi 

A:  Yes,  it  has  three  subgroups  and  1  know  all  of  them. 

O:  Will  the  solution  help  me  solve  the  first  one?  (gital  seitingl 
A:  Yes,  the  (iraup  result  is  the  amount  of  change  required  in  the 
Change  problem. 


O;  W'hal  ^ill  in>  goals  look  like? 

A:  The  top  goal  is  Change  t'ollov^eJ  hy  Gioup. 

O:  llo\s  shall  I  pioceeil  to  soKe  the  piohicin? 

A:  lake  the  lover  goal  (Group)  first.  Solve  for  it. 

Then  take  the  next  goal  (f'hange)  and  solve  for  it. 

In  teaching  students  to  recognise  primary  and  secondary  piofiles  SPS  stresses  the  difference  hetween 
lop  ihrvn  and  boilom-up  problem  solving.  It  advocates  a  top-down  strategy  for  planning  and  a  Ixntom- 
up  strategy  for  carrying  out  computations.  The  relationship  between  these  two  strategies  is  made  explicit 
through  one  of  SPS’s  extended  examples.*  The  example  centers  on  going  to  medical  school.  SPS 
develops  a  plan  that  outlines  the  reiiuiremenis  for  getting  accepted,  such  as  having  a  satisfactory  CiPA, 
having  letters  of  recomntendaiion,  and  so  on.  The  plan  is  developed  graphically  on  the  scieen,  with  the 
goal  (going  to  medical  schtxil)  positioned  at  the  top  center  and  with  subgoals  branching  l^low  it.  These 
suhgii.ds  are  themselves  developed  further  by  outlining  what  each  entails  (such  as  scoring  well  on  tests, 
going  to  chiss,  etc.  for  having  .1  satisfactory  GPA).  When  complete,  the  full  plan  has  the  goal  at  the 

ti>p.  and  it  extends  downward  through  subgoais  to  their  constituent  pails  at  the  bottom. 

SPS  then  discusses  how  the  goal  might  lx;  achieved  and  points  out  the  need  to  ctirry  out  all  the 
steps  at  the  bottom  of  the  plan  in  order  to  move  up  to  the  next  level  of  subgotils.  The  plan 
ilevelopmenl  has  ariows  flowing  from  the  overall  goal  down  to  the  subgoals.  The  plan  execution  reverses 
the  .irrows:  They  begin  at  the  lowest  part  of  the  figure  and  point  up  to  the  next  subgoal. 

SPS  draws  an  analogy  between  the  medical  school  scenario  and  a  multi-step  problem,  showing  the 
student  that  the  identity  of  the  primary  profile  dictates  the  overall  goal.  At  each  step  in  solving  a 
pioblem  the  student  should  evaluate  whether  the  overall  goal  has  been  reached  or  whether  the  pursuit 
of  a  subgoal  is  needed.  Subgoals  correspond  to  secondary  profiles  embedded  in  the  problem.  I'hus,  SPS 
encourages  the  student  to  develop  a  system  for  representing  the  story  problem  absiiaclly  in  terms  of  its 
constituent  profiles  and  to  use  that  representation  as  a  plan  for  problem  solving.  T'unhei  SPS 

instruction  on  planning  cenieis  on  knowledge  about  semantic  profiles.  SPS  frequently  refers  to  the  icons 
of  feature  recognition  and  the  diagrams  introduced  in  constraint  mapping.  For  simple  one-step  problems, 
.dl  but  one  of  the  paits  of  a  profile  diagram  can  be  filled  directly  with  information  given  in  the  problem. 
The  single  unknown  corresponds  to  the  question  posed  in  the  problem.  Multi-step  problems  have  more 
than  one  unknown  in  the  overall  profile.  One  of  these  corresponds  to  the  question  pcssed  in  the 
problem,  just  as  it  does  in  a  one-step  problem.  The  unknown  associated  with  the  stated  question 
represents  the  primary  goal,  and  the  overall  profile  is  the  primary  profile.  The  other  unknown  quantities, 
while  not  answering  the  primary  question,  must  nevertheless  be  found  before  the  problem  can  be  solved. 
SPS  calls  these  secondary  problems.  Each  secondary  problem  is  solved  by  recognizing  the  semantic  profile 
and  using  information  from  the  associated  schema.  These  associated  profiles  are  called  secondary  profiles. 
SPS  uses  only  two-step  problems  in  instruction,  and,  consequently,  it  focuses  on  a  primary  profile  and 
,1  vinglc  secondary  one. 

As  part  of  its  instruction  SPS  maps  simple  one-step  problems  into  their  respective  profile  diagrams 
by  placing  the  numerical  quantities  into  the  parts  of  the  diagrams.  The  mapping  at  the  multi-step  level 
IS  more  complex.  To  help  students  understand  what  is  known  or  already  given  in  a  problem,  SPS  makes 
an  abstract  mapping  into  the  overall  profile  diagram.  It  uses  the  terms  Given  for  information  that  is 
explicitly  stated  in  the  problem.  Partial  Answer  for  information  that  can  be  derived  immediately  fiom  the 
Given  information,  and  Final  Answer  for  the  value  of  the  primary  unknown.  Final  Answer  will  require 
Ihiving  the  solution  for  Partial  Answer.  This  language  promotes  the  maintenance  of  an  abstract  mental 
model  of  the  entire  problem.  The  advantage  of  the  alsstracl  model  is  that  it  is  easier  to  maintain  in 
sfiort-ierm  memory  when  the  student  begins  solving  the  problem.  As  the  student  attempts  to  solve  the 
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r'igure  5 

A  Multi  Step  Plan  in  SPS 


IS|m 


Figure  6 

FIxercise  in  Recognizing  the  Primary 
and  Secondary  Profiles 


(The  problein  as 
presented  to  the 
student . ) 


I  INSTRUCTIONS  R«id  tha  problam  balOM  and  look  lor  tha  ovarait 
I  in  th*  probUm  and  th«  •mb«dd«d  t«cond«ry  situation  Fiist, 

th«  arioiM  TO  th«  nt>rt*  ot  tho  ov«ral(  situation 
iir  Tha  bo>  markad  OvER<^LL)  and  click  th*  mousa  button  Na«t.  mova 
tha  arrow  to  tha  boi  markad  SECONDARY  and  click  on  tha  situation  that 
is  tha  sacondary  or  arrbaddad  ona. 


Karen  and  Cindy  had  a  contest  to  see  who  couio  lose 
the  most  weight  in  one  month  Karen  lost  a  total  of  10 
pounds  Cindy  went  from  a  weight  ofl60poundsto 
125  pounds  Who  won  thecontest? 


OVERALL 

Change 

Group 

Compare 

Vary 

Restate 


SECONDARY 

Change 

Group 

Compare 

Vary 

Restate 


Tha  main  situation  in  this  probiam  is  •  COMPARE  Notica  that  you  ara 
supposad  to  figura  out  who  won  tha  contast.  or  who  lost  tha  most 
waight  To  do  this,  you  simply  hava  to  compare  tha  amount  of  weight 
Karan  lost  with  the  amount  of  waight  Cmdy  lost  Now  took  at  tha 
sacondary  situation.  What  is  it? 


Karen  and  Cindy  had  a  contest  to  see  who  could  lose 
the  most  weight  in  one  month  Karen  lost  a  total  of  10 
pounds  Cindy  went  from  a  weight  of  160  pounds  to 
125  pounds  Who  won  the  contest'’ 


OVERALL 


Change 


Compare 

Vary 

Restate 


SECONDARY 

Change 

Group 

Compare 

Vary 

Restate 


(The  student  responds  to  the  first 
question  by  selsctlng  an  Itssi  from  the 
OVERALL  menu  and  racalvas  feadback.) 


Karan  lost  Mith  tha  amount  el  waight  Cndy  leit.  New  leek  at  tha 
s«cOnd«ry  situation.  What  is  it? 


Tha  sacondary  situation  is  a  CHANGE.  Notica  that  you  natd  to  find  out 
how  much  waight  Cindy  lost  in  ordar  toaniwar  tha  final  guastion  You 
know  that  har  BEGINNING  waiaht  was  160  Ibs-  Har  END  waight  was  12S 
lbs.  So  you  naad  to  figura  out  tha  amount  of  waight  shalost:  tha 
CHANGE  AMOUNT 


Click  in  tha  OKAY  bo*  to  go  on 


Karen  and  Cindy  had  a  contest  to  see  who  could  lose 
the  most  weight  in  one  month  Karen  lost  a  total  of  10 
pounds  Cindy  went  from  a  weight  of  160  pounds  to 
125  pounds  Who  won  thecontest? 


OVERALL 


Change 


iSECONDARY 

Compare 
Vary 
ResUte 


(The  student  responds  to  the  second 
question  by  selecting  an  Item  from  the 
SECONDARY  menu  and  receives  feadback.) 


Figure  7 

Exercise  in  Abstract  Mapping 
of  a  Multi-Step  Problem 


(The  student  Is  asked  to  Identify  (The  student's  responses  appear  within 

the  parts  of  the  problem.)  the  diagram.  Correct  answers  are  given 

In  Italics  above  each  component.) 
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I'  ohkni,  ol  coulee,  he  i)i  she  will  neeil  speeilie  inloi niaiiuii  ahoiii  the  paits  of  ihe  model  and  more 

dr  iailed  mapping.  The  absii  act  model  is  then  developed  moi  e  completely  profile  by  profile. 

A[1  important  feature  of  SPS’s  instruction  is  the  explanation  of  how  two  or  more  profiles  fit 

together  within  a  single  problem  This  is  done  abstractly,  as  described  above,  using  the  terms  Given, 

I’niial  -Answer,  and  Tin.il  Answer  It  is  also  dr^ne  more  concretely  by  focusing  on  the  profiles,  their 

ronsiiiuent  ptirts,  and  the  way  these  parts  are  related.  SPS  takes  the  student  through  the  planning  and 

liiikii'ig  of  profiles  for  seveial  examples.  With  etich  example  SPS  points  out  the  overall  profile  and 

displays  the  appropiiate  diagrtim.  Two  p;nts  of  the  diagram  contain  question  marks,  indicating  that  they 

.lie  both  unknown.  One  of  the  unknown  p,ins  can  he  found  by  looking  at  a  second  piofile  that  is  f 

,dso  piesent  in  the  problem.  SPS  displays  a  second  diagram,  linking  it  to  the  first  (see  Figure  5).  SPS 

empliasi/es  that  the  solution  found  with  the  second  di.igiam  will  have  a  place  in  the  first.  Thus,  the 

two  profiles  are  linked  through  specific  components  of  the  diagrams.  * 

One  strength  of  using  icons  to  represent  the  semantic  profiles  is  that  they  can  be  easily  and  clearly 
iiiiked  to  each  other.  These  connections  are  impoiiaiit  in  solving  multi-step  problems.  Students  need 
to  visu.ili^e  how  the  profiles  can  be  joined  together  to  form  a  complex  problem.  With  the  icons  SPS 
...Ml  show  them  rlirectly. 

^■^vuluution 

Two  ol  the  instructional  goals  described  alxave  are  evaluated  directly  in  the  current  implementation 
ol  SPS.  A  third  foi  m  of  evaluation  is  under  development  and  will  be  incorporated  into  the  system  this 
.e.ii  Ihe  two  th.it  are  now  in  use  evaluate  whether  the  student  is  able  to  recognize  the  primary  profile 
III  .1  multi-step  problem  and  whether  the  student  is  able  to  complete  an  abstract  model  of  a  problem, 
ihe  thud  task  involves  linking  the  icons  and  is  descrilied  at  the  end  of  this  document  under  System 
I-  sieiisums. 

Students  identify  main  and  secondary  profiles  in  several  exercises.  The  first  of  these  exercises 
involves  reading  a  multi-step  problem  aixl  selecting  one  of  two  choices  for  the  main  situation.  As  with 
itie  constraint  mapping  instruction,  SPS  develops  the  concept  first  with  only  two  of  the  profiles  (Change 
,1111.1  (iioup)  and  allows  the  student  to  master  them.  Two  others  are  then  studied  ((.‘ompare  and  Restate) 
with  .iccompanying  exercises.  After  the  full  set  of  profiles  has  been  reviewed,  SPS  presents  a  series  of 
pioblems  involving  a  random  mixture  of  all  five. 

After  the  student  has  become  pioficient  in  finding  the  primary  piofile,  SPS  assigns  tasks  involving 
the  identification  of  both  the  main  and  the  secondary  situations.  In  this  case  the  student  gives  two 
ic.sponses  by  making  a  choice  from  a  menu  of  primary  situations  and  a  choice  fiom  a  menu  of  secondary 
situ.itions.  Figure  b  illustrates  this  exercise. 

SI’S  also  evaluates  the  student’s  ability  to  map  multi-step  problems  abstractly.  Rather  than  having 
students  move  text  from  the  problem  into  the  appropriate  diagram,  SPS  asks  the  student  to  locate  the 
wokIs  Given,  Partial  Answer,  and  Final  Answer  within  it.  As  before,  the  student  is  given  the  opponunity 
to  change  a  response  if  it  is  incorrect.  After  two  failing  attempts  to  make  the  abstract  map,  SPS  shows 
ifu  student  the  correct  mapping,  as  shown  in  Figure  7. 


Implementation 


Instruction 

Ihe  last  segment  of  SPS  instruction  addresses  the  selection  of  an  appropriate  arithmetic  operation 
loi  solving  a  story  problem.  This  is  the  first  time  arithmetic  computation  is  mentioned.  At  this  point 
SPS  cautions  that  relying  only  on  key  words  such  as  "have  left"  or  "altogether"  in  chewsing  an 
.ippiopiiate  arithmetic  operation  often  results  in  errors.  It  stresses  instead  that  choice  of  operation 
IS  dependent  upon  profile  identification  and  upon  awareness  of  which  part  of  the  profile  model  is 
missing  This  is  an  imponant  aspect  of  schema-based  instruction:  The  use  of  key  words  and  set 
equations  is  not  a  satisfactory  method  for  solving  problems.  Unfortunately,  it  is  sufficient  for  many 
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simple  onc-slep  pioblenis,  and  a  large  number  of  siudenls  apparenily  have  developed  key- word  strategies 
(c.f.,  Marshall,  l4sZ,  Sowder,  1987). 

The  following  example  illustrates  the  instructional  methods  employed  in  SPS,  Consider  this  Change 
problem: 

Jim  added  2U  more  uaseball  cards  to  his  collection.  He  then  had 
68  cards  altogether.  How  many  cards  did  he  have  to  begin  with? 

SPS  explains  that,  although  this  situation  clearly  reflects  the  addition  of  the  new  cards  to  the  existing 
ones,  the  arithmetic  operation  needed  to  solve  the  problem  as  stated  is  not  addition.  SPS  points  out 
that  in  this  case  the  initial  amount  is  unknown.  To  find  it  the  student  needs  to  subtract  the  amount 
of  change  from  the  total  rather  than  add  the  two.  In  this  problem  SPS  encourages  the  student  to 
identify  the  profile  (Change),  to  use  constraint  knowledge  and  feature  recognition  knowledge  to  develop 
the  appropriate  diagram  (either  mentally  or  on  paper),  and  to  determine  where  the  unknown  occurs 
within  the  profile. 

Students  using  SPS  already  have  strong  knowledge  of  arithmetic  operations  --  including  algorithms, 
usages,  and  requirements.  SPS  augments  the  student’s  operational  knowledge  and  helps  create  schemas 
that  incorporate  the  existing  knowledge  with  new  knowledge  about  semantic  profiles. 

SPS  implementation  instruction  consists  of  a  brief  review  of  the  imponant  pails  of  each  piofile, 
examples  of  profile-specific  problems  with  each  part  missing,  and  the  appropriate  operation  to  be  used 
in  each  example.  Diagrams  are  used  to  show  the  student  how  to  determine  which  part  is  missing  and 
how  to  consider  which  operation  to  use  in  finding  it.  This  section  of  instruction  refers  directly  to  the 
recognition,  constraint  mapping,  and  planning  components  of  SPS  and  links  them  with  the  implementation 
component. 

Evaluation 

An  exercise  follows  the  computation  discussion  about  each  profile.  In  each  exercise  SPS  presents 
a  problem  and  asks  the  student  to  select  an  arithmetic  expression  that  will  solve  it.  The  arithmetic 
expression  does  not  require  the  student  to  make  a  computation.  The  expression  has  the  form  "Subtract 
250  from  .575"  or  "add  5  and  8".  Following  instruction  and  exercises  for  each  profile  is  a  task  in  which 
problems  representing  all  five  profiles  are  randomly  presented.  Figure  8  shows  this  task. 

The  Synthesis 

Two  assessments  are  made  at  the  end  of  instruction,  an  on-line  test  and  a  traditional  paper-and- 
pencil  evaluation.  The  on-line  task  requires  the  student  to  recognize,  diagram,  and  plan  a  solution  strategy 
for  pioblems  which  contain  various  combinations  of  the  five  profiles.  Ihis  exercise  tests  whether  all  of 
the  knowledge  is  successfully  linked  together.  It  also  gives  students  practice  in  using  the  components 
simultaneously.  The  student  makes  two  responses  in  this  task.  The  first  response  is  the  choice  of  the 
appropriate  icon  (feature  recognition).  The  second  response  is  to  indicate  the  unknown  in  the  selected 
icon.  Knowledge  of  constraint  mapping  and  planning  are  required  here  but  are  not  specifically  and 
separately  cued.  The  student  must  make  the  mental  mapping  (either  specific  or  abstract)  to  locate  the 
overall  unknown  of  the  problem. 

1  he  paper-and-pencil  evaluation  consists  of  a  set  of  multi-step  problems.  For  the  first  time 
students  are  asked  to  solve  the  problems,  carrying  out  the  operations  and  answei  ing  the  questions  posed 
in  the  problems.  They  are  also  asked  to  indicate  which  of  the  profiles  are  lueseni  in  e.ach  problem. 

The  two  forms  of  evaluation  provide  data  alx)ut  which  pails  of  the  schemas  are  well  learnetl. 
In  aggregation  these  data  provide  information  about  the  efficacy  of  the  system  and  give  clues  about 
where  instruction  might  be  expanded,  compressed,  or  otherwise  improved 
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Figure  8 

An  Example  of  an  Implementalion  lixercise 


INSTRUCTIONS  th«  ptublatn  b«loy«  4>i«i  ih«i>  luwk  mt 

tha  poiiibia  «t«pk  you  mtght  uka  to  kolv«  th«  piubUm 
Salact  tha  ona  that  y«ill  lolva  tha  problam  corra<tiy  Mova 
tha  ariOM  to  your  talaction  and  click  tha  mousa  button 


Dan  Robinson  ic‘centlydrove21Sniilesfroni 
San  Diego  to  Santa  Baibara  to  see  his  parents 
When  heainved  at  his  paients',  he  noticed 
that  the  odometer  of  his  car  registered 
45631  miles  What  was  the  odometer  reading 
before  he  made  the  trip? 


POSSIBLE  STEPS: 


No.  ihii  un't  tha  cof ract  ihotca  In  thii  CHANCE  ptoblam, 

Oan  had  4S.631  mtlas  on  h«s  car  attar  ha  drova  to  Santa 
Sarbar  a  Thii  is  tha  END  AMOUNT.  Ha  had  21S  mrlai  tawai 
than  that  bafora  ha  dtova  to  Santa  Barbara  21S  <t  tha 
CHANGE  AMOUNT  i  ou  ara  tuppotad  to  find  tha  BEGINNING 
AMOUNT:  how  many  rrulat  Oan  had  on  hit  car  bafora  ha 
dr  Ova  to  Santa  Barbara  Tha  con  act  way  to  do  thit  it  to 
tubtiact,  not  add,  21S  from  4S,S31,  which  it  tha  latt  chorea 

Click  in  tha  OkAY  bon  to  go  on. 


Dan  Robinson  recently  diove  21 5  miles  from 
San  Diego  to  Santa  Baibara  to  see  his  parents 
When  he  arrived  at  his  parents',  he  noticed 
that  the  odometer  of  his  cai  registered 
45631  miles  What  was  the  odometer  reading 
befoie  he  made  the  trip? 


Multiply  21Sby  2 
AJd21S4nd4S.631 
Oivida4S.631by2t5 
Subtiact  21S  from  4S,631 


POSSIBLE  STEPS: 


Multiply  215  by  2 


■Add  ?15  •nd  45.631 


ivida45.S31  by  215 
Subtract  215  from  45,631. 


(The  student  makes  a  sa tact  Ion  from 
a  menu  of  responses.) 


(The  student's  response  Is  Inverted. 
Feedback  Is  situation-specific.) 
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SYSTliM 


Eqiiipmeni.  SPS  was  developeJ  in  l.isp  on  Xerox  1186  A1  work  siaiions  with  40  inegahyies  of  memory. 
Each  work  station  is  equipped  with  a  Xerox  6085  series  keyboard,  floppy  drive,  19-inch  display,  and  a 
three-lnitton  optical  mouse. 

The  Insiniciionulitlxperimentui  Selling.  In  field  tests  and  in  experimental  laboratory  studies  students 
worked  independently.  Typically,  four  students  were  present  at  the  same  time,  each  interacting  with  .SPS 
at  a  stand-alone  work  station.  Students  participated  in  5-8  instructional  sessions,  with  most  sessions  lasting 
45-60  minutes. 

Student  Hespunses.  Students  interact  with  SPS  by  means  of  the  optical  mouse.  A  special  tuloiiai 
instructs  them  in  the  use  of  the  mouse  prior  to  the  onset  of  SPS  instruction  alKUit  the  profiles.  Students 
move  into  the  SPS  instruction  only  when  they  have  masteied  use  of  the  mouse.  The  mouse  tutorial 
!>lu)ws  the  students  how  to  move  the  cursor  on  the  screen  by  moving  the  mouse,  ani.1  it  gives  students 
practice  in  making  menu  selections  and  in  moving  items  around  on  the  screen.  At  the  end  of  the 
tutorial  students  complete  a  shoil  exercise  using  the  skills  they  had  just  learned.  When  students  appear 
to  have  trouble  manipulating  objects  on  the  screen,  the  system  provides  them  with  more  practice. 

In  SPS  students  respond  to  items  in  one  of  two  ways.  The  first  way  allows  students  to  make  a 
menu  selection.  Typically  the  menu  contains  two  to  five  items,  and  the  student  need  only  move  the 
cursor  to  the  item  selected  in  the  menu  and  press  the  left  or  middle  mouse  button.  See  Eigures  1,  4b, 
and  6  as  examples. 

The  second  response  mode  involves  repositioning  items  on  the  screen.  For  this  response  the 

student  aligns  the  cursor  and  the  item  to  be  moved  (usually  text)  and  presses  the  left  button.  The 

selected  item  changes  to  inverse  print  on  the  screen  and  a  dotted  box  having  the  shape  and  size  of 

the  selected  item  appears.  When  the  cursor  is  moved,  the  dotted  box  moves  with  it.  The  student 

positions  the  dotted  box  in  the  desired  new  location  and  again  presses  the  mouse  button.  The  inveiied 
legion  returns  to  normal,  the  dotted  box  disappears,  the  selected  'tern  is  copied  onto  the  new  location. 
Figures  2,  4b,  and  7  illustrate  this  response  type. 

Screen  Design  of  Instruction.  SPS  presents  much  of  its  instruction  through  a  central  6  12"  x  9" 
window  on  the  II"  x  15"  screen.  Attached  to  the  window  is  a  menu  with  the  options  "Next  Page" 
and  "Last  Page",  allowing  students  to  proceed  at  their  own  pace,  moving  to  the  next  page  or  returning 
to  previously  displayed  instruction  if  desired.  Other  windows,  up  to  three  at  once,  appear  at  various 
times  during  instruction.  These  windows  are  of  differing  sizes  and  locations.  They  allow  simultaneous 
presentation  of  an  example  problem,  a  description  of  its  structure,  and  a  graphical  illustration,  t.'ontrol 
of  the  display  passes  from  window  to  window.  Some  of  them  remain  on  the  screen  as  others  change 
or  v.'inish. 

Exercise  Design.  Exercises  drill  the  particular  features  of  problem  solving  covered  by  SPS  instruction. 
Many  of  these  concepts  are  intermediate  problem-solving  steps  that  may  be  rarely  observed  in  ordinary 
instruction  SPS  contains  thiily  different  exercises.  The  individual  student  may  encounter  all  of  them 
or  a  subset,  depending  upon  the  time  limitations  for  instruction.  Typically,  whenever  a  new  concept  is 
introduced  through  instruction,  it  is  followed  by  a  simple  exercise  that  fmiher  demonstrates  the  concept 
and  allows  the  student  to  use  it  directly. 

The  exercises  are  designed  to  allow  explicit  evaluation  of  the  four  components  of  schema  knowledge 
as  described  above.  Some  of  them  have  only  a  single  response  from  one  menu,  some  contain  multiple 
menus  and  hence  multiple  responses,  and  still  others  necessitate  making  selections  and  moving  elements 
around  on  the  screen.  When  the  response  is  a  menu  selection,  SPS  evaluates  the  student’s  response  and 
makes  appropriate  feedback  (as  described  below).  The  student  has  only  one  opportunity  to  respond  to 
an  item  and  SPS  evaluates  that  response  as  soon  as  the  menu  selection  is  made. 

Evaluation  is  delayed  in  tasks  requiring  the  student  to  move  items.  This  design  is  most  often 
used  in  the  diagramming  exercises.  Such  tasks  generally  have  several  items  to  be  moved.  SPS  gives 
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the  stiklciU  scvcial  oppiiriiinities  lo  iciponil  aiiJ  ilcla\s  cvaluaiioii  o(  iho  lesponsc  until  the  stuiltiU 
signals  conipleiion  buttoning  in  a  control  menu  vcinJou,  SPS  assesses  the  accuracy  of  each  item 
that  has  been  positioned  in  a  diagiam  and  allovcs  the  student  a  second  attempt  if  any  of  the  items  is 
incorrectly  located  The  student  fiist  buttons  on  the  'TlX"  option  in  the  control  menu  windovc,  clearing 
the  screen  ot  the  previous  i  espouse.  The  student  then  repositions  the  items  as  desired.  Once  the 
student  is  satisfied  with  the  new  response,  he  oi  she  buttons  on  the  "tfKAV"  option.  SPS  evaluates  the 
response  and  gives  feedback.  lo  continue  the  student  buttons  on  "GO  ON"  in  the  control  menu 
window 

Item  iianki.  SPS  lequires  three  item  banks;  situations,  one-step  problems,  and  multi-step  problems 
Hach  bank  contains  a  large  number  of  items,  and  each  item  has  a  set  of  pro|)erties  associated  with  it. 
SPS  uses  these  properties  to  assess  collect  responses  to  the  various  e.\ercises  and  to  proviile  relev.int 
feedback  to  students.  liach  item  m.iy  be  used  in  a  variety  of  exercises,  and  there  is  no  single  correct 
answer  associated  with  each  c)ne.  Depending  upon  the  CAercise,  itie  appiopiiate  iinswei  might  he  the 
identification  of  the  underlying  profile(s),  the  cevrrect  mapping  of  the  specific  elements  of  the  item,  an 
ahstr.ici  mapping,  or  ;in  arithmetic  expression. 

SPS  uses  problems  and  situations  that  were  created  for  it  and  that  conferim  to  the  followine 
criteii.i:  riadition.il  key  words  and  phrases  are  avciided  whenever  possible,  themes  .iiicl  story  lines  .11  e 

appropriate  for  young  adults.  hems  are  worded  for  clear  mapping  into  the  piofile  diagrams,  and 
numliers  used  in  the  problems  are  simple 

I't'eJhack .  SPS  provides  feedback  to  students  who  answei  an  exercise  c|uestion  incorrectly.  Ihe  n.ituie 
of  the  feedback  depends  upon  the  particular  exercise.  In  Ihe  feature  recognition  tasks.  SPS’s  response 
to  the  student  depends  upon  how  the  student  is  doing  in  the  particular  exercise.  If  the  student  m.ikes 
two  errors  in  identifying  a  particular  piofile.  SPS  gives  supplement.il  review  about  th;ii  profile.  If  the 
student  h.is  erred  on  three  consecutive  items.  SPS  provides  a  gener.il  review  of  .ill  profiles  If  the 
student  IS  generally  doing  well  but  makes  an  occtisional  erior,  SPS  gives  a  shoi  t  mess.ige  indicating  why 
the  student's  .inswer  is  incorrect. 

i  eedb.ick  on  the  mapping  tasks  is  brief.  When  a  student  fiist  errs  on  an  item.  SPS  indicates 
that  the  response  is  incorrect  and  asks  the  student  to  try  again  After  a  second  error  on  the  item. 
SPS  simply  shows  the  student  the  correct  mapping  Ihe  student's  own  attempt  remains  on  the  screen 

together  with  the  correct  response  so  that  the  student  (.111  see  how  his  01  her  .inswet  differs  from  the 

correct  tissignment. 

Ihe  planning  exercises  demand  .1  different  type  of  feedback.  When  the  student  selects  an  incoriect 
primtiiy  or  secondary  profile,  SPS  gives  problem-specific  feedback,  indicating  why  the  student’s  selection 
is  in  error  and  identifying  specific  characteristics  of  the  problem  to  which  the  student  should  attend. 
The  implementation  exercises  also  incoiporate  pioblem-specific  feedback. 

fiiach  instructional  session  ends  with  a  task  fur  which  no  feedback  is  given.  Sessions  are  typically 
50  minutes  in  duration  (similai  to  a  class  pciiod  in  high  school  or  university)  SPS  monitors  the  time 

and  ends  the  instructional  session  at  an  appropriate  juncture,  usually  at  the  conclusion  of  a  set  of 

instruction  and  related  exercises  Before  the  student  leaves  the  work  stiition,  he  or  she  is  asked  to 
respond  to  an  end  c)f-.session  ttisk  which  functions  as  a  daily  c|uiz.  in  early  sessions,  the  task  involves 
matching  the  five  profile  names  to  five  story  situations.  In  later  sessions,  the  student  identifies  the 
location  of  the  unknown  in  the  problem.  On  both  of  these  t;isks,  the  student  makes  his  ui  hei 
responses  to  .1  sm.ill  number  of  items  and  then  exits  the  picagram. 

He  cord  Keeping.  SPS  keeps  a  continuous  log  of  each  student's  activity  it  recoids  the  date,  the  time 
rectuired  for  each  exercise,  the  specific  problems  used  in  the  exercise,  the  student's  responses  to  etich 
problem,  .ancl  SPS's  rejoinder.  [')urmg  each  exercise  SPS  refers  to  the  log  and  to  the  student’s  current 
responses  to  develop  a  model  of  how  the  student  is  pei  forming.  At  various  points  m  the  exercises,  SPS 
will  stop  the  student  and  will  piovide  additicynal  instruction  if  the  student  appe.iis  to  need  it.  This 
supplement  may  take  the  form  of  ;i  quick  review  or  may  be  an  extensive  remedi.ition. 
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System  Implementation 


SPS  has  heen  used  in  a  foui-week  remedial  couise  for  communily  college  students  enrolled  m 
basic  mathematics  or  beginning  algebra  courses.  The  course  met  twice  a  week  for  a  total  of  eight  class 
sessions.  Approximately  twenty-five  students  completed  the  program  of  instruction.  This  course  seised 
as  a  field  test  and  led  to  several  imponant  system  modifications. 

SPS  has  also  been  the  basis  of  laboratory  experiments  in  which  college  freshmen  panicipated 
These  students  attended  five  sessions  and  were  individually  interviewed  following  each  session.  Some  <>/ 
them  also  participated  in  a  follow-up  study  two  to  three  months  after  the  original  study.  Data  fumi 
these  implementations  are  currently  being  analyzed  and  will  be  reported  in  a  separate  repoit  Imti.d 
indications  are  that  students  can  easily  learn  the  semantic  profiles,  they  can  carry  out  the  constiami 
mapping  and  planning  tasks,  and  they  find  the  icons  useful. 

System  Extensions 

f)nce  the  students  have  developed  semantic  schemas  for  sloiy  problems  it  is  desirable  to  h,ivc  .m 
environment  in  which  they  can  instantiate  them  and  in  which  SPS  can  monitor  the  usage  of  them  In 
this  end  we  have  developed  a  problem  environment  (PE)  in  which  the  student  has  the  capability  nl 
selecting  icons  to  represent  parts  of  a  multi-step  problem  and  of  manipulating  them  to  model  the 
problem/'  Figure  9  illustrates  the  environment 

The  problem  environment  is  student-controlled.  I'he  student  can  select  which  icons  to  use,  i..m 
link  and  unlink  them,  can  enlarge  and  map  the  various  parts  of  them,  and  can  ask  for  confirmtiiion 
or  help  from  SPS  at  any  point.  SPS  will  not  direct  the  order  in  which  any  of  the  problem-solving 
steps  are  ettnied  out  by  the  student  SPS  provides  advice  when  asked  and  will  test  for  the  stinlent 
whether  a  representation  leads  to  a  successful  solution  of  the  problem 


Wc  .uViiovvicUti;  i  P  Mai^h.in  fnr 
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I'igure  9 

'llic  Problem  linvironment 
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APPENDIX  A 


Prior  to  the  development  of  Sl^S  we  carried  out  experiments  to  evaluate  specific  design  featuies 
for  SPS.  Described  heie  is  one  experimental  study  of  the  effects  of  sequential  versus  all-at-once 
presentation  of  the  situations. 

The  Experimental  Question:  The  issue  is  whether  students  will  be  more  successful  in  learning 
when  each  situation  is  descrilied  individually  and  in  detail,  one  at  a  time,  or  whether  students  will 
be  more  successful  in  learning  when  all  five  situations  are  intioduced  broadly  and  then  described  in 
relation  to  each  othei.  The  former  should  cause  greater  depth  of  feature  recognition  information  but 
perhaps  be  weaker  in  constraint  (and  discrimination)  knowleitge.  The  latter  should  build  a  knowledge 
base  that  allows  easy  discrimination  among  the  situations  but  m.iy  lack  adequate  feature  knowleilgc 

Procedii re:  12b  San  Diego  State  University  students  participated  in  the  study.  Half  of  them 

received  Sequential  Instruction  (with  each  type  of  situation  developed  fully  before  the  presentation  of 
another  one)  and  the  remaining  half  received  Parallel  Instruction  (with  all  types  presented  at  once  .ind 
discussed  together).  Each  student  worked  through  a  paper-and-pencil  exercise  booklet.  At  the 
conclusion  of  the  experiment,  the  students  were  asked  to  sort  20  problems  according  to  the  situations 
they  had  just  studied.  The  sorting  task  was  used  to  evaluate  the  students'  understanding  and 
recognition  of  the  five  situations. 

Results:  Cluster  analyses  of  the  sorting  task  are  given  in  Figures  A.  1  and  A. 2.  All  students 
learned  something  about  the  situations,  and  they  were  able  to  sort  more  than  half  of  the  problems 
correctly.  The  students  in  the  Parallel  group  performed  bettei  on  this  task.  They  were  more 
successful  in  forming  appropiiate  clusters  of  the  problems,  and  their  clusters  were  more  tightly  linked 
(as  can  be  seen  by  the  shape  of  the  clusters  in  the  figures).  Moreover,  the  Sequential  Oroup  had 
difficulty  in  distinguishing  between  Comixiiv  and  Restate.  The  largest  cluster  formed  by  this  group 
contained  problems  of  both  types. 

Both  gioups  hail  difficulty  in  distinguishing  between  certain  ('hange  and  Group  items,  I  hcic  was 
also  some  confusion  in  both  groups  among  some  of  the  Restate  and  Compare  items,  although  this  was 
much  more  prominent  in  the  Sequential  Ciroup. 


Figure  A.  I 

Results  of  the  Sorting  Task:  Sequential  Group 
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Results  of  the  Sorting  Task:  Parallel  Group 
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